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1 Introduction	  
Project	  problem	  statement	  
Design	  a	  radio-­‐controlled	  scaled	  model	  glider	  with	  a	  true	  “morphing”	  (shape-­‐changing)	  wing.	  Instead	  of	  
ailerons,	  the	  wing	  will	  change	  shape	  to	  control	  the	  craft.	  The	  wings	  should	  morph	  quickly	  enough	  to	  be	  
visible,	  and	  a	  propeller	  may	  not	  be	  used	  to	  get	  it	  up	  to	  speed.	  The	  glider	  should	  fly	  for	  a	  minimum	  of	  one	  
minute,	  have	  a	  wingspan	  no	  greater	  than	  six	  feet,	  and	  have	  the	  ability	  to	  turn,	  move	  up	  and	  down,	  and	  
speed	  up	  and	  slow	  down.	  In	  addition,	  the	  cost	  of	  the	  glider	  should	  be	  minimal.	  
List	  of	  team	  members	  
Table	  1:	  Team	  members	  
RC	  Glider	  2.0	  
1.	   Diego	  Alarcon	  
2.	   Reggie	  Clark	  
3.	   Armando	  Gallegos	  
4.	   Sayan	  Patra	  
2 Background	  Information	  Study	  
A	  short	  design	  brief	  description	  that	  defines	  and	  describes	  the	  design	  problem	  
Design	  a	  radio-­‐controlled	  scaled	  model	  glider	  with	  a	  true	  “morphing”	  (shape-­‐changing)	  wing.	  
Instead	  of	  ailerons,	  the	  wing	  will	  change	  shape	  to	  control	  the	  craft.	  
Summary	  of	  relevant	  background	  information	  (such	  as	  similar	  existing	  
devices	  or	  patents,	  patent	  numbers,	  URL’s,	  et	  cetera)	  
Patent	  4,200,253	  
Patent	  US	  6834835	  B1	  
Patent	  5,082,207	  
MEMS	  411	  Final	  Report	   Fall	  2014	   RC	  Glider	  2.0	  
Page	  7	  of	  54	  
3 Concept	  Design	  and	  Specification	  
User	  needs,	  metrics,	  and	  quantified	  needs	  equations.	  	  This	  will	  include	  three	  
main	  parts:	  
3.1.1 Record	  of	  the	  a	  user	  needs	  interview	  
Table	  2:	  User	  needs	  interview	  
Customer	  Data:	  RC	  Glider	  2.0	  
Customer:	  Tom	  Bever	  
Address:	  WUSTL	  Department	  of	  Mechanical	  Engineering	  &	  Materials	  Science	   Date:	  09/12/2014	  
Question	   Customer	  Statement	   Interpreted	  Need	   Importance	  
How	  long	  should	  the	  glider	  stay	  in	  
the	  air?	  
The	  glider	  should	  stay	  in	  the	  air	  long	  enough	  to	  
demonstrate	  a	  turn	  and	  a	  change	  of	  altitude.	  
The	  minimum	  time	  required	  is	  1	  minute.	  
Glider	  can	  fly	  for	  
more	  than	  one	  
minute.	  
5	  
Wingspan	  limit?	   The	  wingspan	  limit	  is	  6	  ft	  maximum,	  but	  a	  smaller	  
span	  is	  preferred.	  
Glider	  wingspan	  is	  
less	  than	  6	  feet	  
4	  
Desired	  remote	  control	  range?	   Minimum	  range	  is	  1	  mile.	   Glider	  control	  range	  is	  
at	  least	  one	  mile	  
2	  
Should	  the	  glider	  have	  the	  ability	  
to	  slow	  down	  or	  speed	  up?	  
Yes.	   Glider	  can	  slow	  down	  
and	  speed	  up	  
5	  
Desired	  battery	  life?	   Indirectly	  determined	  by	  power	  requirements	  for	  
duration	  required	  (see	  1	  above).	  Battery	  must	  
provide	  power	  for	  pre-­‐flight	  operations,	  if	  any,	  
and	  flight.	  
Glider	  battery	  life	  is	  
more	  than	  10	  min.	  
5	  
Should	  the	  glider	  land	  with	  
wheels?	  
No	  wheels.	   2	  
Weight	  restrictions?	   Weight	  restrictions	  are	  determined	  by	  lift	  and	  
flight	  requirements.	  
Glider	  can	  fly	  for	  
more	  than	  one	  
minute.	  
5	  
Are	  there	  any	  restrictions	  on	  
materials	  we	  can	  use?	  
No	  specific	  requirements,	  but	  any	  materials	  you	  
choose	  must	  withstand	  the	  loads	  on	  landing.	  
Glider	  materials	  can	  
withstand	  applied	  
loads	  
4	  
Desired	  price	  of	  product?	   As	  low	  as	  possible	  while	  still	  meeting	  all	  other	  
requirements,	  of	  course.	  	  
Glider	  cost	  is	  below	  
budget	  
5	  
Can	  the	  glider	  use	  a	  propeller	  to	  
get	  up	  to	  speed?	  
No.	   Glider	  does	  not	  have	  
a	  propeller	  
3	  
How	  fast	  should	  the	  wings	  
morph?	  
The	  wings	  should	  morph	  as	  fast	  as	  the	  vehicles	  
airfoils	  would	  move	  or,	  at	  a	  minimum,	  morphing	  
must	  be	  visible.	  
Glider	  morphing	  is	  
visible	  
5	  
What	  movements	  should	  the	  
glider	  be	  able	  to	  perform?	  (e.g.	  
turning,	  moving	  up	  &	  down,	  
etc...)	  
The	  glider	  must	  turn	  (bank),	  move	  up,	  and	  move	  
down	  
Glider	  must	  	  turn	  
(bank),	  move	  up,	  and	  
move	  down	  
5	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3.1.2 List	  of	  identified	  metrics	  
Table	  3:	  Performance	  metrics	  
Need	  Number	   Need	   Importance	  
1	  
2	  
3	  
4	  
5	  
6	  
7	  
8	  
9	  
10	  
11	  
12	  
Glider	  can	  fly	  for	  more	  than	  one	  minute	  
Glider	  wingspan	  limit	  is	  less	  than	  six	  	  feet	  	  
Glider	  control	  range	  is	  at	  least	  one	  mile	  
Glider	  can	  slow	  down	  or	  speed	  up	  
Glider	  battery	  life	  is	  more	  than	  ten	  minutes	  
Gliders	  has	  no	  wheels	  	  
Glider	  material	  can	  withstand	  applied	  loads	  
Glider	  cost	  is	  below	  budget	  
Glider	  does	  not	  have	  a	  propeller	  
Glider	  morphing	  is	  visible	  
Glider	  must	  turn	  (bank)	  
Glider	  must	  move	  up	  and	  move	  down	  
5	  
4	  
2	  
5	  
5	  
2	  
4	  
5	  
3	  
5	  
5	  
5	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3.1.3 Table/list	  of	  quantified	  needs	  equations	  	  
Table	  4:	  User	  needs	  equation	  
Design	  Metrics:	  RC	  Glider	  2.0	  
Metric	  
Number	  
Associated	  
Needs	  
Metric	   Units	   Worst	  
Value	  
Best	  
Value	  
1	  
	  
2	  
	  
3	  
	  
	  
4	  
	  
5	  
	  
6	  
	  
7	  
	  
	  
8	  
	  
9	  
	  
10	  
	  
11	  
	  
12	  
1,5	  
	  
1,2,4,7,8,11	  
	  
3	  
	  
	  
2,4	  
	  
1,2,5	  
	  
6	  
	  
1,2,4,5,7,8,11	  
	  
	  
1,2,3,4,5,7,8	  
	  
9	  
	  
2,10	  
	  
2,11	  
	  
2,12	  
Time	  
	  
Wingspan	  Limit	  
	  
Control	  Range	  
	  
Slow	  
down/Speed	  Up	  
	  
Battery	  Life	  
	  
Wheels	  
	  
Strength	  	  of	  
Material	  
	  
Cost	  
	  
Propeller	  
	  
Morphing	  Time	  
	  
Turning	  Radius	  
	  
Pitch	  Rate	  
Minutes	  (min)	  
	  
Feet	  (ft)	  
	  
Miles	  (mi)	  
	  
Binary	  
	  
	  
Minutes	  (min)	  
	  
Binary	  
	  
lbm	  
	  
	  
Dollars	  ($)	  
	  
Binary	  
	  
Seconds	  (s)	  
	  
Feet	  (ft)	  
	  
feet/sec	  (ft/s)	  
1	  
	  
3	  
	  
1	  
	  
0	  
	  
	  
10	  
	  
1	  
	  
1	  
	  
	  
0	  
	  
1	  
	  
0.1	  
	  
1	  
	  
0	  
30	  
	  
6	  
	  
5	  
	  
1	  
	  
	  
60	  
	  
0	  
	  
50	  
	  
	  
400	  
	  
0	  
	  
3	  
	  
10	  
	  
3	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Table	  5:	  Example	  happiness	  value	  matrix	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Wing can bend to provide rotation about 
the y-axis in order to move up and down 
Four	  (4)	  concept	  drawings	  
Concept 1: Extendable wing tips and bendable cross section 
	  
	  
	  
	  
	  
	  
	  
	  
Wing tips rotate inward to provide rotation about 
the x-axis as well as allow the glider to slow 
down and speed up 
Figure	  1:	  Extendable	  wingtips	  and	  bendable	  wing	  sections	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Concept 2: Rotating outer wings 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Outer wings have ability to turn 
along both z and y-axes 
Figure	  2:	  Rotating	  outer	  wings	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Concept 3: Hang Glider	  	  
	  
	  
	  
	  
	  
	  
Figure	  3:	  Hang	  glider	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Concept 4: Glider with polyhedral wings & winglets 
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
The	  inner	  wing	  can	  twist	  about	  the	  y-­‐axis	  to	  allow	  glider	  to	  move	  up	  or	  down	  
The	  outer	  wings	  can	  turn	  about	  the	  x-­‐axis	  to	  allow	  glider	  to	  turn,	  speed	  or	  down	  
Small	  springs	  hold	  together	  the	  two	  wing	  sections	  
The slightly forward swept 
wing design allows for high 
lift at low velocity 
Polyhedral wing design and winglets allow for 
maximum lift, reduced induced drag, and roll stability 
Figure	  4:	  Rotating	  polyhedral	  wings	  and	  winglets	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A	  concept	  selection	  process.	  	  This	  will	  have	  three	  parts:	  
3.1.4 Concept	  scoring	  (not	  screening)	  
Table	  6:	  Concept	  scoring	  
	  
3.1.5 Preliminary	  analysis	  of	  each	  concept’s	  physical	  feasibility	  
Concept 1: Extendable wing tips and bendable cross section 
Disadvantages: The design will not be able to provide roll stability. The 
resulting glider will be more expensive due to use of carbon fiber.  
Advantages: The design will be lightweight and have a small turning 
radius, making the glider maneuverable. The wings will bend to stabilize the 
glider. The design will be able to speed up and slow down, and pitch up and down. 
The morphing of the wing can be easily controlled by servos. The parts of the 
design can be printed separately using a 3D printer. 
Concept 2: Rotating outer wings 
 Disadvantages: The design will not be able to speed up and slow down, and 
experience difficulty in pitching up and down. The resulting glider will have a big 
turning radius. Rotating the outer wings about the perpendicular axis may be 
challenging. The design will take a long time to build using a 3D printer.  
MEMS	  411	  Final	  Report	   Fall	  2014	   RC	  Glider	  2.0	  
	  
Page	  16	  of	  54	  
	  
 Advantages: The design will be cheap. ABS plastic will be used to model the 
glider, making it lightweight and strong. The morphing of the wing will be easily 
visible.  
Concept 3: Hang Glider 
 Disadvantages: The design will not have a good turning radius. It will experience 
difficulty in pitching up and down, or speeding up and slowing down effectively. 
The foam material used for the wing frame will not be structurally strong. The 
polyester fabric used in the wings will generate stability issues in air.  
 Advantages: The design will be able to glide for a long distance and time, and 
very cost effective. The resulting glider will be very light. The design will also be 
easy to model and construct. 
Concept 4: Glider with polyhedral wings & winglets 
 Disadvantages: The design will have a big wingspan which may make it heavier. 
The customer prefers a smaller wingspan. The wing-body joint may not be 
structurally strong.  
 Advantages: The polyhedral wing shape and winglets will provide maximum lift 
and roll stability. Multiple turning mechanisms allow for a good turning radius. 
The winglets reduce wingtip vortices, eliminating induced drag. The morphing of 
the wings will be easily controlled by the servos. 
3.1.6 Final	  summary	  
Best Design: Concept 1 (Extendable wing tips and bendable cross section) was 
picked as the best design out of the four concepts considered. It had the highest 
happiness value in the user needs ranking matrix and it meets all the user needs. 
Concept 1 has better ability to speed up and slow down, as well as pitch up and 
down compared to Concepts 2 and 3. Concept 4 has a large wingspan which is 
undesirable. Concept 1 has a better wing-body join design compared to Concept 4 
which relies on a single joint to bear the weight of the entire wing. The parts of the 
Concept 1 will be easy to build using a 3D printer, and require less assembly 
effort compared to Concepts 2 and 4. Concept 1 will be structurally more stable 
than Concept 3.  
Proposed	  performance	  measures	  for	  the	  design	  	  
1. The glider should stay in air for at least 1 minute 
2. The glider should be able to exhibit morphing of the wings clearly 
3. The glider should be able to move up and down, speed up and slow down, and turn. 
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4 Embodiment	  and	  fabrication	  plan	  
Embodiment	  drawing	  
	  
Figure	  5:	  Glider	  embodiment	  draft	  drawing	  
Parts	  List	  
Table	  7:	  Parts	  list	  
Part Number  Part Name  
1  Wing Aft  
2  Body  
3  Wing Frame(Right)  
4  Extending Tip(Right)  
5  Extending Tip (Left)  
6  Wing Foam  
7  Carbon Fiber Rod  
8  Servo  
9  Receiver  
10  Battery  
11  UBEC  
12  Tail Rod  
13  Tail  
MEMS	  411	  Final	  Report	   Fall	  2014	   RC	  Glider	  2.0	  
Page	  18	  of	  54	  
14 Wing Frame(Left) 
15 Transmitter 
Draft	  detail	  drawings	  for	  each	  manufactured	  part	  
Figure	  6:	  Glider	  body	  drawing	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Figure	  7:	  Glider	  wingtips	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Figure	  8:	  Glider	  tail	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Figure	  9:	  Glider	  deforming	  trailing	  edge	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Figure	  10:	  Glider	  wing	  leading	  edge	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Figure	  11:	  Glider	  right	  wing	  front	  section	  and	  cross-­‐section	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Figure	  12:	  Glider	  left	  wing	  front	  section	  and	  cross-­‐section	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
MEMS	  411	  Final	  Report	   Fall	  2014	   RC	  Glider	  2.0	  
Page	  25	  of	  54	  
Description	  of	  the	  design	  rationale	  for	  the	  choice/size/shape	  of	  each	  part	  
Part	  1:	  Wing	  Aft	  
Most	  of	  the	  design	  of	  this	  part	  went	  into	  reducing	  weight.	  It	  was	  decided	  to	  have	  the	  bending	  
section	  to	  be	  the	  length	  of	  the	  entire	  wing,	  rather	  than	  only	  bending	  a	  portion	  of	  the	  wing.	  Due	  to	  
the	  low	  speed	  our	  glider	  will	  be	  traveling,	  a	  change	  of	  the	  entire	  wing	  will	  be	  needed	  to	  produce	  
the	  amount	  of	  force	  required	  to	  rotate	  our	  glider.	  	  
Part	  2:	  Fuselage	  
The	  fuselage	  was	  designed	  to	  be	  able	  to	  house	  the	  battery,	  receiver,	  UBEC,	  and	  servos,	  while	  
staying	  as	  small	  as	  possible.	  It	  was	  also	  designed	  to	  be	  easily	  produced	  by	  cutting	  a	  block	  of	  foam	  
with	  a	  hot	  wire	  and	  sanding	  the	  wing	  connections.	  It	  is	  thickest	  and	  deepest	  in	  the	  middle	  in	  order	  
to	  house	  the	  electronic	  parts	  such	  as	  the	  battery	  and	  receiver.	  The	  body	  will	  be	  made	  out	  of	  foam	  
and	  the	  weight	  will	  depend	  on	  the	  weight	  of	  the	  wingspan	  because	  we	  need	  the	  glider	  to	  be	  
consistent	  and	  balanced	  at	  all	  times.	  	  
Parts	  3	  &	  14:	  Wing	  Frame	  (Left	  and	  Right)	  
The	  airfoil	  chosen	  for	  our	  glider	  was	  a	  flat	  bottom	  airfoil.	  This	  was	  chosen	  for	  ease	  of	  production	  
and	  because	  the	  glider	  does	  not	  have	  to	  be	  able	  to	  fly	  inverted.	  The	  airfoil	  cross	  sections	  are	  
hollow	  to	  allow	  the	  carbon	  fiber	  rod,	  elastic	  tubing,	  and	  servo	  wires	  to	  pass	  through.	  It	  also	  
creates	  space	  for	  the	  servos	  to	  reside	  in.	  Parts	  of	  the	  wing	  frame	  were	  cut	  out	  to	  reduce	  weight.	  
All	  edges	  were	  rounded	  to	  avoid	  stress	  concentrations.	  The	  wing	  frame	  connects	  to	  the	  wing	  aft	  
via	  control	  rods	  connected	  to	  servos.	  The	  wing	  cross	  sections	  will	  be	  made	  out	  of	  balsa	  wood	  and	  
the	  entire	  wing	  surface	  will	  be	  covered	  by	  an	  elastic	  fabric.	  	  
Parts	  4	  &	  5:	  Extending	  Tip	  (Left	  and	  Right)	  
The	  shape	  of	  the	  extending	  tip	  was	  designed	  so	  it	  would	  be	  lightweight	  while	  not	  interfering	  with	  
the	  bending	  of	  the	  aft	  part	  of	  the	  wing.	  Its	  radius	  had	  to	  be	  short	  enough	  so	  it	  would	  not	  obstruct	  
the	  bending	  of	  our	  wing	  when	  it	  is	  pulled	  inside	  the	  wing.	  A	  piece	  of	  fabric	  will	  be	  attached	  to	  the	  
extending	  tip	  allowing	  the	  glider	  to	  increase	  and	  decrease	  the	  control	  surfaceof	  the	  wings.	  The	  
extending	  tip	  was	  designed	  so	  the	  attached	  fabric	  does	  not	  sag	  or	  interfere	  with	  the	  overall	  
function	  of	  the	  wing.	  	  
Part	  6:	  Wing	  Front	  
The	  front	  part	  of	  the	  wing	  will	  be	  made	  of	  foam	  to	  aid	  the	  heat	  shrink	  film	  in	  keeping	  the	  shape	  of	  
our	  wings	  leading	  edge.	  It	  will	  also	  be	  lighter	  than	  wood	  or	  plastic,	  reducing	  the	  weight	  of	  the	  
glider.	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Part	  7&12:	  Carbon	  fiber	  Rod	  and	  Tail	  Rod	  
We	  chose	  carbon	  fiber	  rods	  for	  the	  tail	  and	  wing	  spar	  in	  order	  to	  reinforce	  our	  wing	  while	  keeping	  
weight	  to	  a	  minimum.	  The	  rods	  will	  extend	  through	  the	  wingspan	  and	  connect	  each	  section	  of	  the	  
wings.	  In	  addition,	  these	  long	  and	  flexible	  rods	  will	  be	  used	  in	  order	  to	  help	  the	  wings	  bend	  up	  and	  
down	  to	  increase	  stability.	  There	  will	  also	  be	  a	  rod	  to	  connect	  the	  body	  with	  the	  tail.	  The	  carbon	  
fiber	  rods	  will	  have	  a	  diameter	  of	  roughly	  ¼’’	  to	  allow	  for	  bending	  and	  to	  keep	  the	  glider	  
lightweight.	  The	  length	  of	  the	  rod	  for	  the	  wings	  is	  determined	  by	  the	  length	  of	  the	  wingspan,	  and	  
the	  tail	  rod	  length	  is	  chosen	  to	  maintain	  the	  underwing	  center	  of	  gravity.	  	  
Part	  8:	  Servo	  
We	  chose	  9g	  servos	  because	  they	  are	  lightweight	  and	  have	  a	  0.1	  sec	  rotation	  time.	  This	  time	  
should	  help	  us	  meet	  our	  customer	  need	  of	  visible	  morphing.	  The	  servos	  will	  be	  used	  in	  order	  to	  
raise	  and	  lower	  the	  bending	  section	  of	  the	  wings,	  as	  well	  as	  extend	  the	  wing	  tips.	  This	  will	  allow	  
our	  glider	  to	  perform	  different	  air	  movements	  and	  be	  able	  to	  speed	  up	  and	  slow	  down.	  All	  servos	  
used	  will	  be	  operated	  by	  an	  RC	  controller	  that	  we	  operate.	  The	  servos	  chosen	  are	  lightweight	  and	  
produce	  enough	  output	  to	  move	  the	  sections	  of	  the	  wing	  sufficiently.	  These	  servos	  also	  have	  a	  
fast	  rotation	  time,	  fulfilling	  a	  customer	  need.	  	  
Part	  9:	  Receiver	  
The	  receiver	  comes	  free	  with	  the	  programmable	  transmitter	  we	  chose	  and	  has	  more	  than	  enough	  
channels	  to	  control	  the	  number	  of	  servos	  we	  will	  be	  using.	  The	  receiver	  will	  use	  signal	  sent	  to	  it	  
from	  the	  transmitter	  to	  operate	  the	  servos.	  The	  receiver	  chosen	  is	  small	  enough	  to	  easily	  fit	  in	  the	  
body	  of	  the	  glider	  and	  only	  require	  small	  batteries.	  
Part	  10:	  Battery	  
This	  battery	  was	  selected	  because	  it	  is	  light	  weight	  and	  uses	  lipo	  chemistry.	  If	  we	  had	  gone	  with	  a	  
nickel	  metal	  hydride	  battery	  the	  charger	  required	  is	  more	  expensive	  than	  a	  balance	  charger	  for	  
lipo	  batteries.	  The	  batteries	  will	  allow	  the	  transmitter	  and	  receiver	  to	  run	  for	  a	  minimum	  of	  half	  
hour.	  The	  batteries	  will	  be	  small	  and	  lightweight,	  and	  are	  chosen	  to	  be	  compatible	  with	  both	  the	  
transmitter	  and	  receiver.	  	  
Part	  11:	  UBEC	  
This	  was	  required	  to	  lower	  the	  voltage	  from	  the	  battery	  going	  to	  the	  receiver.	  To	  save	  money	  a	  
lipo	  battery	  was	  chosen	  and	  due	  to	  its	  higher	  voltage	  its	  voltage	  has	  to	  be	  reduced	  in	  order	  to	  
avoid	  destroying	  our	  receiver.	  	  
Part	  13:	  Tail	  
The	  size	  of	  the	  tail	  was	  chosen	  so	  it	  would	  keep	  the	  glider	  stable	  while	  not	  restricting	  rotation	  of	  
the	  plane	  produced	  by	  the	  morphing	  of	  our	  wings.	  We	  chose	  an	  empennage	  tail	  assembly	  that	  is	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used	  in	  most	  gliders	  and	  actual	  airplanes,	  with	  three	  different	  feathers.	  It	  is	  used	  to	  give	  stability	  
to	  the	  glider	  and	  have	  a	  constant	  flight	  without	  experience	  severe	  turbulence.	  In	  addition,	  it	  will	  
help	  the	  glider	  to	  have	  a	  constant	  lift	  at	  the	  moment	  of	  flying.	  Parameter:	  I	  will	  be	  made	  out	  of	  
foam	  and	  it	  will	  have	  an	  empennage	  assembly.	  The	  size	  will	  also	  depend	  on	  the	  wingspan	  and	  will	  
connect	  directly	  to	  the	  main	  body.	  The	  tail	  connects	  to	  the	  main	  body	  by	  a	  single	  carbon	  fiber	  rod	  
ensuring	  lightness	  and	  durability.	  	  
Part	  15:	  Transmitter	  	  
The	  transmitter	  will	  be	  used	  to	  communicate	  to	  the	  servos.	  It	  will	  be	  pre-­‐programmed	  to	  rotate	  
the	  servos	  a	  certain	  direction	  allowing	  the	  aft	  part	  of	  the	  wing	  to	  bend	  up	  and	  down,	  and	  the	  
wingtips	  to	  extend	  and	  contract.	  It	  will	  have	  a	  range	  of	  4	  miles	  ensuring	  proper	  communication	  
with	  the	  glider.	  
5 Engineering	  analysis	  
Engineering	  analysis	  proposal	  
5.1.1 A	  form,	  signed	  by	  your	  section	  instructor	  (insert	  your	  form	  here)	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Engineering	  analysis	  results	  
5.1.2 Motivation.	  	  Describe	  why/how	  the	  before	  analysis	  is	  the	  most	  
important	  thing	  to	  study	  at	  this	  time.	  	  How	  does	  it	  facilitate	  carrying	  the	  
project	  forward?	  
Before:	  Conduct	  finite	  element	  analysis	  of	  the	  wingspan	  to	  see	  how	  much	  it	  
bends	  or	  flexes	  at	  varying	  speeds.	  
After:	  Test	  Methods	  for	  covering	  wing	  with	  a	  stretchy	  film.	  
We	  believe	  that	  the	  finite	  element	  analysis	  has	  to	  be	  done	  prior	  to	  building	  our	  
prototype	  because	  we	  need	  to	  choose	  a	  material	  strong	  enough	  to	  withstand	  
the	  forces	  during	  flight.	  It	  facilitates	  moving	  the	  project	  forward	  by	  allowing	  us	  
to	  choose	  a	  good	  build	  material.	  
We	  believe	  testing	  of	  stretchy	  films	  needs	  to	  be	  done	  because	  the	  wing	  will	  not	  
hold	  the	  airfoil	  shape	  if	  the	  film	  does	  not	  hug	  the	  frame	  tightly.	  It	  facilitates	  
moving	  the	  project	  forward	  by	  allowing	  us	  to	  choose	  a	  good	  film	  material.	  
5.1.3 Summary	  statement	  of	  analysis	  done.	  	  Summarize,	  with	  some	  type	  of	  
readable	  graphic,	  the	  engineering	  analysis	  done	  and	  the	  relevant	  
engineering	  equations	  
We	  used	  solid	  edge	  to	  conduct	  the	  finite	  element	  analysis	  of	  our	  wings	  cross	  
section	  and	  applied	  the	  theoretical	  loads	  top	  it	  to	  test	  its	  deflections.	  
Figure	  13:	  FEA	  of	  wing	  cross-­‐section	  
We	  tested	  heat	  shrink,	  cling	  wrap,	  and	  a	  heat	  shrink-­‐rubber	  band	  combination	  
to	  cover	  our	  wings.	  We	  ended	  up	  using	  a	  combination	  of	  heat	  shrink	  and	  rubber	  
bands	  to	  cover	  the	  wing	  while	  allowing	  the	  film	  to	  stretch.	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5.1.4 Methodology.	  	  How,	  exactly,	  did	  you	  get	  the	  analysis	  done?	  	  Was	  any	  
experimentation	  required?	  	  Did	  you	  have	  to	  build	  any	  type	  of	  test	  rig?	  
Was	  computation	  used?	  
LIFT AND DRAG USING SIMPLE AIRFLOW METHOD 
In order to determine the amount of force exerted on the wings during flight, we can first 
determine the amount of lift produced. To do this, we will use the equation 𝐿 = 𝑐! !!!! 𝐴, 
where L is the amount of lift produced, cl is the coefficient of lift, 𝜌 is the density of air, V is the 
glider’s velocity, and A is the surface area of the wing. This is the general lift equation; it is 
within the coefficient of lift that complexities generally arise. For our case, however, since we 
have a relatively simple and thin wing design and plan to travel at very low speeds, we will be 
able to use a highly simplified equation for cl. The low speeds result in relatively simple flow 
conditions around the wings; this coupled with the fact that our glider will usually be travelling 
with low angles of attack help justify our use for the simplified coefficient of lift equation, 𝑐𝑙 ≈ 2𝜋𝛼, 
with 𝛼 representing the angle of attack in radians. In order to plug values into these equations, we 
must make further assumptions. As a rough estimate, we will consider the maximum velocity to 
be 30 mph and the angle of attack to be 15º. Converting these values we obtain V=44 ft/sec and 𝛼=𝜋6 rad. Next, the density of air at 60ºF (approximate temperature for this time of year) is𝜌=.00238 slug/ft3, and the surface area for each wing was calculated to be about 1.56 ft2. Using 
these values, we find that the force due to lift is 𝐿 = 2𝜋 ∗ !! .!!"#$  !"#$/!!!(!!  !"/!)!! 1.56𝑓𝑡! = 11.8  𝑙𝑏𝑓. 
Now that we have obtained the amount of force acting vertically on each wing, we can find the 
amount of force horizontal to it, by determining the drag force. Again, we will be able to simplify 
the equation greatly for our simple design. Noting that the lift force and drag force are 
perpendicular to one another, we can relate one another with the angle of attack, as shown in the 
figure below. 
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Figure	  14:	  Airfoil	  aerodynamics 
http://www.aerospaceweb.org/question/aerodynamics/systems/airfoil.jpg 
Since the normal force can be expressed as the lift force divided by cos(𝛼), and the drag force as 
the normal multiplied by sin(𝛼), the simplified expression for drag force that we obtain is  𝐷 = 𝐿  tan  (𝛼). 
Using the same angle of attack as before, 𝛼=𝜋6 rad, we find that our drag force is approximately𝐷 = 𝐿 cot !! 𝑟𝑎𝑑 = 6.81  𝑙𝑏𝑓. 
LIFT & DRAG USING VORTEX PANEL METHOD 
The theoretical calculation of the lift and drag force shown above included several assumptions 
and simplifications. To get more accurate results, the outline of the wing cross-section was 
obtained from SolidEdge. That image was then digitized to get the two-dimensional coordinates 
of the wing. A MATLAB code was written to calculate the lift and drag at angles of attack 
ranging from -180⁰ to +180⁰. The book value for density of air of 0.00238 slugs/ft3 lbm in St. 
Louis at present weather conditions was obtained from 
http://www.denysschen.com/catalogue/density.aspx. The air velocity was assumed to be 10 mph 
= 14.6667 ft/s, and the wing area was calculated by estimating the wing as a rectangular cross-
section of dimensions 28.625 in × 8.1 in × 0.9 in  × 2 wings = 6.7984 ft2.  
MEMS	  411	  Final	  Report	   Fall	  2014	   RC	  Glider	  2.0	  
Page	  31	  of	  54	  
Figure	  15:	  Outline	  of	  wing	  cross-­‐section	  obtained	  from	  SolidEdge 
Figure	  16:	  MATLAB	  model	  of	  the	  2D	  wing	  cross-­‐section 
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Figure	  17:	  MATLAB	  plot	  of	  lift	  &	  drag	  force	  with	  varying	  angle	  of	  attack 
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Finite Element Analysis 
Simulation	  Report	  
Company	  
RC	  Glider	  2.0	  
Author	  
Sayan	  Patra	  	  
Date	  
Wednesday,	  October	  29,	  2014	  	  
Software	  Used	  
Solid	  Edge	  ST(106.00.02.05)	  
Femap	  (11.01)	  	  
Solver	  Used	  
NX	  Nastran	  (8.5)	  	  
	  
1.	  Model	  Information	  
Document	   K:\AstroGlider5.0\WingFrame1.par	  
	  
	  
2.	  Study	  Properties	  
Study	  Property	   Value	  
Study	  name	   Static	  Study	  1	  
Study	  Type	   Linear	  Static	  
Mesh	  Type	   Tetrahedral	  
Iterative	  Solver	   On	  
NX	  Nastran	  Geometry	  Check	   On	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NX	  Nastran	  command	  line	  
NX	  Nastran	  study	  options	  
NX	  Nastran	  generated	  options	  
NX	  Nastran	  default	  options	  
Surface	  results	  only	  option	   Off	  
3. Study	  Geometry
3.1	  Solids
Solid	  Name	   Material	   Mass	   Volume	   Weight	  
WingFrame1.par	   Wood,	  Pine	   0.001	  lbm	   0.235	  in^3	   0.001	  lbf	  
4. Material	  Properties
4.1	  Wood,	  Pine
Property	   Value	  
Density	   0.016	  lbm/in^3	  
Coef.	  of	  Thermal	  Exp.	   0.0000	  /F	  
Thermal	  Conductivity	   0.000	  BTU/hr-­‐ft-­‐F	  
Specific	  Heat	   0.000	  BTU/lbm-­‐F	  
Modulus	  of	  Elasticity	   1460.000	  ksi	  
Poisson's	  Ratio	   0.346	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Yield	  Stress	   0.000	  ksi	  
Ultimate	  Stress	   0.000	  ksi	  
Elongation	  %	   0.000	  
5. Loads
Load	  Name	   Load	  Type	   Load	  Value	   Load	  Distribution	   Load	  Direction	   Load	  Direction	  Option	  
	   	   	   	   	   	  Pressure	  1	   Pressure	   0.074	  psi	   Compressive	   Normal	  to	  Face	  
6. Constraints
Constraint	  Name	   Constraint	  Type	   Degrees	  of	  Freedom	  
	   	   	  Fixed	  1	   Fixed	   FREE	  DOF:	  None	  
User	  Defined	  1	   User	  Defined	   FREE	  DOF:	  13	  
7. Mesh	  Information
Mesh	  type	   Tetrahedral	  
Total	  number	  of	  bodies	  meshed	   1	  
Total	  number	  of	  elements	   68,802	  
Total	  number	  of	  nodes	   107,632	  
Subjective	  mesh	  size	  (1-­‐10)	   9	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8. Results
8.1	  Displacement	  Results
Result	  component:	  Total	  Translation	  
Extent	   Value	   X	   Y	   Z	  
Minimum	   0	  in	   2.028	  in	   0.094	  in	   0.363	  in	  
Maximum	   7.06e-­‐006	  in	   0.746	  in	   -­‐0.000	  in	   -­‐0.106	  in	  
Figure	  18:	  FEA	  of	  wing	  cross-­‐section
8.2	  Stress	  Results
Result	  component:	  Von	  Mises	  
Extent	   Value	   X	   Y	   Z	  
Minimum	   1.14e-­‐011	  ksi	   5.078	  in	   0.094	  in	   0.463	  in	  
Maximum	   0.0034	  ksi	   1.587	  in	   0.031	  in	   -­‐0.017	  in	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Figure	  19:	  Von	  Mises	  stresses
8.3	  Factor	  of	  Safety	  Results
Result	  Component:	  Factor	  of	  Safety	  
Extent	   Value	   X	   Y	   Z	  
Minimum	   0	   1.838	  in	   0.074	  in	   0.407	  in	  
Maximum	   1	   1.838	  in	   0.074	  in	   0.407	  in	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Figure	  20:	  FEA	  of	  wing	  cross-­‐section	  under	  pressure
Stretchy	  Film	  Testing	  
	  We	  started	  by	  covering	  our	  wing	  with	  heat	  shrink	  that	  was	  attached	  only	  to	  the	  stationary	  parts	  of	  the	  
wing	  frame.	  This	  produced	  too	  much	  resistance	  on	  the	  rotating	  section	  of	  the	  wing	  and	  the	  servo	  was	  
unable	  to	  morph	  the	  wing.	  We	  then	  tried	  to	  use	  cling	  wrap	  over	  the	  entire	  wing	  and	  found	  that	  once	  the	  
cling	  wrap	  was	  stretched	  it	  had	  experienced	  too	  much	  plastic	  deformation	  to	  return	  to	  its	  original	  shape.	  
Finally	  we	   covered	   the	  wing	  with	   heat	   shrink	   and	   then	   attached	   rubber	   bands	   to	   an	   end	   of	   the	   heat	  
shrink	  and	  used	  the	  rubber	  bands	  to	  attach	  the	  heat	  shrink	  to	  the	  wing.	  This	  allowed	  to	  heat	  shrink	  to	  
move	  over	  the	  morphing	  section	  of	  the	  wing	  without	  applying	  too	  much	  force	  to	  the	  rotating	  section	  of	  
the	  wing.	  
5.1.5 Results.	  	  What	  are	  the	  results	  of	  your	  analysis	  study?	  	  Do	  the	  results	  
make	  sense?	  
From the finite element analysis using forces found analytically, we found that the 
use of basswood for our wing cross-sections would be sufficient since the stresses 
on it would not cause it to break. This makes sense to us because the forces of 
wind on the wing are not very large, and the structure of each cross-section was 
designed to withstand such forces. Next, testing the stretchy material for the 
wings, we found that using heat shrinking film to wrap the entire wing would not 
allow the rear section to move up and down as we had planned. This restriction of 
motion would prevent the glider from performing banks and having the ability to 
move up and down, so it will not work. After this we tested cling wrap over the 
wing since it has stretching capabilities. However, we found that it deformed 
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plastically when it stretched, which left it loosely wrapped around the wing after 
moving the servos just once. Finally, we decided to use heat shrink to wrap the 
forward and rear sections of the wings separately, and use rubber bands to allow 
the rear section to rotate and give the plane its performance. This method worked 
well, so we can use it for our final design. 
5.1.6 Significance.	  	  How	  will	  the	  results	  influence	  the	  final	  prototype?	  	  What	  
dimensions	  and	  material	  choices	  will	  be	  affected?	  	  This	  should	  be	  shown	  
with	  some	  type	  of	  revised	  embodiment	  drawing.	  	  Ideally,	  you	  would	  
show	  a	  “before/after”	  analysis	  pair	  of	  embodiment	  drawings.	  
The results of our finite element analysis influence our final prototype because it 
decides what material we will use to make our wing frame. This did not change 
our embodiment drawings because it only decided the material and did not change 
any aspect of the design of our final prototype.  
Figure	  21:	  Glider	  assembly 
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Rather	  than	  covering	  the	  entire	  wing	  frame	  with	  heat	  shrinking	  film	  we	  will	  attach	  rubber	  bands	  to	  the	  
heat	  shrink	  to	  allow	  the	  covering	  to	  stretch	  over	  the	  wing	  without	  deforming	  the	  heat	  shrinking	  film.	  	  
Figure	  22:	  Deformable	  trailing	  edge 
5.1.7 Summary	  of	  code	  and	  standards	  and	  their	  influence.	  	  Similarly,	  
summarize	  the	  relevant	  codes	  and	  standards	  identified	  and	  how	  they	  
influence	  revision	  of	  the	  design.	  
In	  order	  to	  follow	  the	  proper	  RC	  aircraft	  safety	  codes	  we	  will:	  
1) Radio Control. We will use only approved radio equipment operating on frequencies
allocated for use in our model. We will be constantly checking the radio and reception 
range, in order to be sure that we are flying in the range limits. In addition, we will need 
to check for any kind of interference with other radios and be able to perform all 
movements adequate.  
2) Flightworthiness. We will check that the model is in safe and in controllable
condition for flight. We will not fly in the presence of spectators until I can safely boost, 
fly, and land the glider in a safety place.  
3) Launch Angle. The glider may be launched at angles of 30 to 45 degrees from
vertical provided that it is capable of having its flight path controlled safely and provided 
that the launcher is pointed away from specified spectator areas. We will need to be sure 
that the launch angle is in the opposite direction of the wind.  
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6 Working	  prototype	  
A	  preliminary	  demonstration	  of	  the	  working	  prototype	  
A	  final	  demonstration	  of	  the	  working	  prototype	  (this	  section	  may	  be	  left	  
blank).	  
At	  least	  two	  digital	  photographs	  showing	  the	  prototype	  
The	  following	  views	  of	  the	  glider	  show	  the	  full	  assembly	  of	  our	  final	  prototype.	  The	  first	  and	  the	  second	  
images	  are	  views	  of	  the	  glider	  that	  show	  the	  relative	  size	  of	  the	  wings	  compared	  to	  the	  body	  and	  tail.	  
The	  third	  image	  displays	  the	  airfoil	  shape.	  
Figure	  23:	  Evloution	  of	  the	  final	  prototype	  from	  initial	  prototype	  
Figure	  24:	  Final	  prototype
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A	  short	  videoclip	  that	  shows	  the	  final	  prototype	  performing	  
https://www.youtube.com/watch?v=dt49EcBybiY 
At	  least	  four	  (4)	  additional	  digital	  photographs	  and	  their	  explanations	  
The	  pictures	  shown	  above	  show	  the	  critical	  elements	  of	  our	  final	  prototype.	  In	  the	  first	  figure,	  the	  
bending	  winglet	  is	  shown	  in	  the	  upmost	  position.	  This	  position	  results	  in	  less	  lift	  on	  this	  side	  of	  the	  wing,	  
which	  allows	  the	  side	  to	  lower	  and	  cause	  the	  plane	  to	  bank.	  When	  one	  side	  of	  the	  wing	  is	  in	  this	  
position,	  the	  other	  automatically	  goes	  to	  the	  downward	  position,	  as	  shown	  in	  the	  second	  picture.	  The	  
opposite	  responses	  of	  each	  bending	  winglet	  allow	  the	  plane	  to	  easily	  bank	  in	  either	  direction.	  The	  third	  
image	  shows	  the	  bending	  tail	  rod	  in	  its	  upward	  position.	  A	  string	  attached	  to	  a	  central	  servo	  pulls	  the	  tail	  
up	  or	  allows	  it	  to	  go	  back	  down	  to	  its	  resting	  position.	  When	  the	  tail	  is	  pulled	  up,	  as	  seen	  in	  the	  third	  
image,	  the	  plane	  pitches	  up,	  enabling	  vertical	  motion.	  The	  fourth	  image	  displays	  the	  central	  section	  of	  
the	  glider	  that	  houses	  the	  central	  servo,	  receiver,	  and	  UBEC,	  as	  well	  as	  the	  rubber	  bands	  holding	  the	  
Figure	  25:	  FInal	  prototype	  wingtips	  and	  body	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wing	  in	  place.	  The	  fifth	  image	  shows	  the	  bottom	  view	  of	  the	  central	  section,	  including	  the	  dowel	  pins	  
that	  hold	  the	  rubber	  bands	  tightly	  in	  place.	  
7 Design	  documentation	  
Final	  Drawings	  and	  Documentation	  
7.1.1 A	  set	  of	  engineering	  drawings	  that	  includes	  all	  CAD	  model	  files	  and	  all	  
drawings	  derived	  from	  CAD	  models.	  See	  Appendix	  C	  for	  the	  CAD	  models.	  
See	  Appendix	  C	  for	  CAD	  drawings.	  All	  model	  files	  have	  been	  submitted	  to	  
blackboard.	  
7.1.2 Sourcing	  instructions	  
All	  parts	  and	  tools	  can	  be	  purchased	  from	  a	  hobby	  store	  such	  as	  hobbyking.com.	  
2. Final	  Presentation
7.2.1 A	  live	  presentation	  in	  front	  of	  the	  entire	  class	  and	  the	  instructors	  (this	  
section	  may	  be	  left	  blank)	  
7.2.2 A	  link	  to	  a	  video	  clip	  version	  of	  1	  
https://www.youtube.com/watch?v=H_r47Iz42dM	  
3. Teardown
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8 Discussion	  
Using	  the	  final	  prototype	  produced	  to	  obtain	  values	  for	  metrics,	  evaluate	  the	  
quantified	  needs	  equations	  for	  the	  design.	  	  How	  well	  were	  the	  needs	  met?	  
Discuss	  the	  result.	  
Table	  8:	  Final	  prototype	  happiness	  value	  
The	  happiness	  value	  that	  we	  obtained	  for	  our	  final	  prototype	  is	  0.67.	  The	  main	  reason	  why	  this	  value	  is	  
relatively	  low	  is	  that	  we	  were	  very	  ambitious	  in	  our	  original	  best	  value	  for	  flying	  time	  of	  30	  minutes.	  
Additionally	  we	  aimed	  for	  a	  3	  ft/s	  downwards	  glide	  velocity	  whereas	  the	  actual	  value	  was	  1.5	  ft/s.	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Discuss	  any	  significant	  parts	  sourcing	  issues?	  	  Did	  it	  make	  sense	  to	  scrounge	  
parts?	  	  Did	  any	  vendor	  have	  an	  unreasonably	  long	  part	  delivery	  time?	  	  What	  
would	  be	  your	  recommendations	  for	  future	  projects?	  
All	  parts	  where	  easy	  to	  get	  from	  HobbyKing.com	  because	  our	  design	  incorporates	  RC	  plane	  parts.	  
The	  part	  delivery	  times	  were	  reasonable	  because	  we	  used	  the	  United	  States	  warehouse	  from	  
Hobby	  King.	  	  For	  future	  projects	  we	  recommend	  ordering	  the	  parts	  from	  online	  hobby	  stores	  
because	  they	  are	  cheaper	  than	  brick	  and	  mortar	  hobby	  stores.	  	  	  
Discuss	  the	  overall	  experience:	  
8.1.1 Was	  the	  project	  more	  of	  less	  difficult	  than	  you	  had	  expected?	  
The	  project	  was	  about	  the	  level	  of	  difficulty	  that	  we	  expected,	  though	  there	  were	  
aspects	  that	  we	  had	  not	  considered	  initially.	  For	  example,	  none	  of	  us	  had	  prior	  
experience	  flying	  remote-­‐controlled	  planes,	  which	  made	  it	  difficult	  to	  properly	  
test	  our	  prototypes.	  Also,	  we	  did	  not	  take	  into	  account	  the	  time	  it	  would	  take	  to	  
rebuild	  after	  the	  plane	  crashed	  each	  time,	  and	  this	  ended	  up	  taking	  hours	  to	  do	  
each	  time.	  
8.1.2 Does	  your	  final	  project	  result	  align	  with	  the	  project	  description?	  
Yes,	  our	  final	  prototype	  was	  a	  remote-­‐controlled	  glider	  with	  morphing	  wings	  and	  
no	  propeller.	  It	  had	  maneuverability,	  was	  low-­‐cost,	  and	  was	  a	  valid	  size,	  though	  
we	  were	  not	  able	  to	  complete	  a	  test	  flight	  that	  kept	  the	  glider	  in	  the	  air	  for	  one	  
minute.	  However,	  we	  are	  confident	  that	  given	  the	  right	  conditions	  and	  a	  high	  
enough	  platform,	  our	  glider	  would	  be	  able	  to	  achieve	  this	  goal.	  
8.1.3 Did	  your	  team	  function	  well	  as	  a	  group?	  
Our	  team	  worked	  very	  well	  as	  a	  group,	  as	  we	  were	  able	  to	  come	  to	  sensible	  
decisions	  for	  our	  project	  by	  discussing	  all	  aspects	  thoroughly.	  There	  was	  no	  
hostility	  and	  each	  team	  member	  was	  very	  willing	  to	  work	  hard	  on	  the	  project.	  
8.1.4 Were	  your	  team	  member’s	  skills	  complementary?	  
Yes,	  our	  skills	  were	  quite	  complementary.	  Armando	  had	  strong	  ideas	  for	  the	  
glider	  and	  used	  his	  CAD	  skills	  to	  create	  in-­‐depth	  models.	  Sayan	  is	  very	  
knowledgeable	  in	  the	  aerospace	  field	  and	  was	  able	  to	  use	  this	  knowledge	  
towards	  our	  project,	  in	  addition	  to	  being	  very	  familiar	  with	  various	  computer	  
programs	  such	  as	  MATLAB,	  which	  allowed	  him	  to	  perform	  in-­‐depth	  analysis	  of	  
our	  airfoil.	  Diego	  was	  able	  to	  use	  his	  meticulous	  crafting	  to	  help	  build	  the	  plane,	  
and	  was	  the	  best	  at	  tossing	  the	  glider	  for	  optimal	  flight.	  Lastly,	  Reggie	  used	  his	  
experience	  dimensioning	  detail	  drawings	  as	  well	  as	  filming	  and	  editing	  to	  
contribute	  to	  the	  team	  effort.	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8.1.5 Did	  your	  team	  share	  the	  workload	  equally?	  	  	  
While	  we	  did	  our	  best	  to	  distribute	  workload	  equally,	  it	  was	  difficult	  at	  times	  to	  
get	  all	  of	  the	  team	  members	  to	  come	  together	  and	  work	  as	  a	  result	  of	  our	  busy	  
schedules.	  This	  led	  to	  some	  inequalities	  in	  workload,	  as	  well	  as	  the	  ambition	  of	  
some	  team	  members.	  In	  particular,	  Armando	  worked	  very	  hard	  in	  both	  research	  
and	  construction	  of	  test	  planes	  while	  others	  were	  busy.	  
8.1.6 Was	  any	  needed	  skill	  missing	  from	  the	  group?	  
Yes,	  none	  of	  us	  knew	  how	  to	  fly	  a	  glider.	  Since	  we	  had	  no	  experience	  with	  this,	  
we	  spent	  some	  time	  on	  a	  flight	  simulator	  at	  a	  hobby	  shop	  to	  practice	  and	  see	  
who	  was	  the	  best	  at	  controlling	  the	  glider.	  Even	  with	  this	  practice	  we	  still	  crashed	  
the	  aircraft	  multiple	  times.	  
8.1.7 Did	  you	  have	  to	  consult	  with	  your	  customer	  during	  the	  process,	  or	  did	  
you	  work	  to	  the	  original	  design	  brief?	  	  	  
When	  we	  realized	  that	  we	  were	  having	  a	  hard	  time	  getting	  the	  glider	  up	  to	  
speed,	  we	  inquired	  about	  the	  use	  of	  a	  propeller.	  Otherwise	  we	  mostly	  stuck	  with	  
the	  original	  design	  brief.	  
8.1.8 Did	  the	  design	  brief	  (as	  provided	  by	  the	  customer)	  seem	  to	  change	  
during	  the	  process?	  
No,	  the	  design	  brief	  was	  mostly	  consistent.	  
8.1.9 Has	  the	  project	  enhanced	  your	  design	  skills?	  	  	  
Yes,	  we	  have	  become	  more	  comfortable	  with	  not	  only	  general	  design,	  but	  also	  
the	  process	  as	  a	  whole.	  We	  learned	  a	  lot	  about	  some	  of	  the	  issues	  we	  could	  
encounter	  and	  some	  analysis	  points	  that	  we	  could	  have	  looked	  into	  earlier.	  We	  
found	  that	  this	  will	  take	  much	  more	  practice	  too,	  as	  one	  project	  cannot	  possibly	  
be	  enough	  to	  perfect	  design	  skills.	  
8.1.10 Would	  you	  now	  feel	  more	  comfortable	  accepting	  a	  design	  project	  
assignment	  at	  a	  job?	  
Yes,	  we	  all	  feel	  more	  confident	  about	  our	  capabilities	  as	  project	  designers	  than	  
we	  did	  before	  this	  project.	  This	  experience	  showed	  us	  that	  we	  are	  able	  to	  
accomplish	  challenging	  goals	  and	  that	  we	  tend	  to	  learn	  quickly	  from	  our	  
mistakes.	  
8.1.11 Are	  there	  projects	  that	  you	  would	  attempt	  now	  that	  you	  would	  not	  
attempt	  before?	  
Though	  we	  do	  not	  have	  any	  specific	  projects	  in	  mind	  that	  we	  had	  previously	  not	  
felt	  ready	  for,	  we	  have	  certainly	  increased	  our	  confidence	  in	  taking	  on	  
challenging	  projects.	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9 Appendix	  A	  -­‐	  Parts	  List	  
	  
Table	  9:	  Parts	  list	  
Part	  No.	   Part	  name	   Quantity	  
1	   Carbon	  fiber	  rod	   1	  
2	   Foam	  board	  (2.5	  ft	  X	  2	  ft)	   2	  
3	   Insulating	  foam	  (2.5	  ft	  X	  2.5	  ft)	   1	  
4	   Battery	   1	  
5	   Servos	   1	  
6	   Control	  rods	  (0.125	  in	  diameter)	   1	  
7	   String	  (1	  ft	  long)	   1	  
8	   Receiver	   1	  
9	   UBEC	   1	  
10	   Rubber	  bands	   6	  
	  
10 Appendix	  B	  -­‐	  Bill	  of	  Materials	  
Table	  10:	  Bill	  of	  materials	  
Part	  No.	   Part	  name	   Quantity	   Price	  ($)	  
1	   Carbon	  fiber	  rod	   1	   8	  
2	   Foam	  board	  (2.5	  ft	  X	  2	  ft)	   2	   4.99	  
3	   Insulating	  foam	  (2.5	  ft	  X	  2.5	  ft)	   1	   5	  
4	   Battery	   1	   15	  
5	   Servos	   3	   24	  
6	   Control	  rods	  (0.125	  in	  diameter)	   1	   3	  
7	   String	  (1	  ft	  long)	   1	   0.99	  
8	   Receiver	   1	   50	  
9	   UBEC	   1	   14	  
10	   Rubber	  bands	   6	   5	  
Total	   129.98	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11 Appendix	  C	  -­‐	  CAD	  Models	  
	  
Figure	  26:	  Final	  prototype	  body	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Figure	  27:	  Final	  prototype	  control	  arm	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Figure	  28:	  Final	  prototype	  body	  platform	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Figure	  29:	  Final	  prototype	  tail	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Figure	  30:	  Final	  prototype	  wing	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Figure	  31:	  Final	  prototype	  extending	  wingtip	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   1 Knowles,	  Gareth,	  and	  Ross	  W.	  Bird.	  Telescopic	  Wing	  System.	  QorTek,	  Inc.,	  assignee.	  Patent	  	  6,834,835	  B1.	  28	  Dec.	  2004.	  
This	  patent	  inspired	  the	  use	  of	  extending	  wing	  tips	  in	  our	  final	  design.	  Though	  we	  don’t	  
use	  a	  telescoping	  mechanism,	  we	  do	  vary	  the	  surface	  are	  that	  induces	  lift	  on	  the	  wing.	  2 Rowarth,	  Ralph.	  Aircraft	  Wing	  Drooping	  Leading	  Edge	  Device.	  British	  Aerospace,	  assignee.	  	  Patent	  4,200,253.	  2	  Apr.	  1980.	  
This	  patent	  inspired	  our	  initial	  concept,	  but	  was	  later	  dropped	  in	  favor	  of	  an	  extending	  
tip	  that	  allowed	  us	  to	  vary	  the	  amount	  of	  dihedral	  the	  wind	  had.	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3 Tulinius,	  Jan.	  Active	  Flexible	  Wing	  Aircraft	  Control	  System.	  Rockwell	  Inc.,	  assignee.	  Patent	  	  5,082,207.	  21	  Jan.	  1992.	  
Our	  final	  design	  had	  varying	  dihedral	  similar	  to	  this	  patent	  but	  our	  wing	  tips	  did	  not	  
mirror	  each	  other	  when	  varying	  dihedral.	  
